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Abstract
Apoptosis is a developmental and regulated process which may occur as a result of the cytogenetic changes in the cell. Cissus
quandrangularis is a xerophytic plant that belongs to the family Vitaceae, commonly distributed throughout the hotter parts of India
and Sri Lanka. An attempt had been made to explore the apoptosis-mediated cytotoxic potential of C. quadrangularis on Allium
cepa. Cytogenetic activities of the plant were revealed using DAPI staining and in situ visualization of cell death was carried out
with the help of Evans blue staining. The presence of clastogenic (nuclear lesions, chromosome bridges, chromosome breakage
and pulverization of chromosomes) and non-clastogenic abberations (ball metaphase, stellate metaphase, chromosome clumping
and early movement of chromosomes) observed under fluorescent microscope shows the cytotoxic effect of the plant extract. The
quantification of cell death was measured by reading absorbance at 600 nm using the spectrophotometer. The cytotoxic effects
on Allium root tips shows the apoptotic potential of the plant extract and the present study enlightens the anticancer potential of
the plant.
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Introduction
Programmed cell death (PCD) is a regulated process which
is controlled both genetically and by different environmental
cues. There are various forms of cell death mechanisms seen
in tissues. The most significant variant of PCD is Apoptosis.
Apoptosis is regarded as a carefully regulated energy-dependent
process, characterized by specific morphological and energy-
dependent biochemical features [1]. It is a significant develop-
mental process resulting in remodeling of the living system.
Apoptosis exhibits several distinct morphological features, in-
cluding condensation of cytoplasm, fragmentation of nucleoso-
mal DNA, condensation of nuclear chromatin, membrane blab-
bing, and appearance of apoptotic bodies [2]. The suppression of
apoptosis during carcinogenesis is thought to play a central role
in the development and progression of some cancers [3]. Un-
derstanding the mechanism of apoptosis, at the molecular level
*Correspondence: rubs131@gmail.com
Cell & Molecular Biology Division, Department of Botany, University of
Calicut, Malappuram, 673635, Kerala, India
Full list of author information is available at the end of the article.
provides deeper insigh t into various disease processing and may
thus influence therapeutic strategy.
For a long period of time, plants have been a valuable source
of natural products for maintaining human health, especially in
the last decade, with more intensive studies devoted to natural
therapies [4]. Many plants contain significant bioactive com-
pounds that may produce definite physiological actions in the
human body, which can be used to treat various ailments. The re-
cent researches are focusing on the anticancer potential of plant
extracts to be effectively used against cancer and other infec-
tious diseases de void of any side effects. T he present therapies
of cancer are not good enough and it compels the discovery of
new drugs for the management of cancer. Plants still have enor-
mous potential to provide newer drugs and as such are a reservoir
of natural chemicals that may provide chemoprotective potential
against cancer. Hence the present study is to screen the cytotoxic
potential of the plant extract to evaluate its apoptotic activity.
Allium cepa is an efficient test system conventionally used to
evaluate the genotoxic potential of the chemicals in the environ-
ment due to its sensitivity and good correlation with mammalian
test systems [5]. The source plant, Cissus quadrangularis is a
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succulent, medicinal plant that belongs to the family Vitaceae
commonly distributed throughout the hotter parts of India and
Sri Lanka [6]. The stem of Cissus quadrangularis is also re-
puted in Ayurveda as alterative, anthelmintic, dyspeptic, diges-
tive, tonic, analgesic, used in eye and ear diseases, in the treat-
ment of irregular menstruation and asthma, in complaints of the
back and spine. Scientific studies have revealed the Cissus ex-
tract to possess cardiotonic and androgenic activity [7].
In some parts of the world, the whole plant is used in oral
re-hydration, while the leaf, stem, and root extracts of this plant
are important in the management of various ailments.
In light of the aforesaid background, the present study will be
an attempt to explore the apoptosis-mediated cytotoxic potential
of C. quadrangularis on Allium cepa.
Materials and methods
Plant material
Cissus quadrangularis L. was collected from Malappuram dis-
trict, Kerala, India (coordinates 11◦02′28′′ N 76◦04′59′′ E ).
The specimen was authenticated, and voucher specimen (CALI
No. 123760) was deposited at Herbarium of the Department of
Botany, University of Calicut, Malappuram, Kerala, India.
Test system and chemicals used
Onion bulbs (A. cepa L., 2n=16), free from agricultural pesti-
cides and growth inhibitors (procured from TNAU, Tamil Nadu),
were used for the present study. Chemicals used were Evans blue
(Himedia) and N,N-dimethylformamide (EMPLURA), DAPI
(Himedia ).
Preparation of aqueous plant extracts
Fresh aqueous plant extract was prepared using sterile distilled
water with the aid of pestle and mortar. One percent stock so-
lution was prepared by grinding 1 g of the plant and made up
to 100 mL. Subsequent lower concentrations were then prepared
from this stock ( 0.001, 0.005, 0.01, 0.05 and 0.1 %).
Cytogenetic evaluation— A. cepa assay
Prior to initiating the test, the outer dry scales of onion bulbs
were removed without destroying the root primordia. They were
grown in glass vials at room temperature. Germinated bulbs with
healthy roots (1–2 cm) were collected at a period of maximum
mitotic activity (between 9 am and 10 am on sunny days) and
washed with distilled water. The bases of bulbs were kept in vials
containing different concentrations of plant extracts in such a
way that only roots were suspended in extracts.
Methyl parathion and distilled water were also kept as posi-
tive and negative control. Root tips were collected from the dif-
ferent vials at time duration of 0.5, 1, 3 and 24 h. The collected
samples were washed in distilled water and immediately fixed in
Carnoy ’ s fluid for 1 h. Then, the root tips were subjected to hy-
drolysis with 1 N HCl for 5 – 10 min and washed in distilled wa-
ter. Staining was done using DAPI, and destaining was done by
PBS. Permanent slides were then prepared, and the numbers of
damaged cells and total cells were counted in six different fields
of view using 40X of light microscope (LEICA DM6 B Sys-
tem Microscope and fluorescent imaging Camera LEICA DFC
450C) for cytogenetic effects.
Mitotic index and abnormality percentage were calculated us-
ing the following formulae:
Mitotic index =Number of dividing cellsTotal number of cells × 100
In situ visualisation of cell death
For the assessment of cell death, control and treated bulbs with
intact roots were placed in 0.25 % (w/v) aqueous solution of
Evans blue for 15 min, followed by washing of the roots in run-
ning tap water for 30 min [8]. Roots with dead cells that stained
blue were macro-photographed. Subsequently, ten root tips mea-
suring equal length (10 mm) from control and the treated groups
were excised and soaked in 3 mL of N,N-dimethylformamide
for 1 h at room temperature. The absorbance of Evans blue re-
leased was measured spectrophotometrically at 600 nm (Shi-
madzu, Japan).
Statistical analyses
Statistical analyses were performed using the SPSS version 10
software package programs. Data obtained were then subjected
to one-way ANOVA and Duncan’s multiple range test (DMRT)
to confirm the variability of the data and validity of results. All
results were expressed as mean±SE, and differences between
corresponding controls and exposure treatments were consid-
ered statistically significant at P<0.05.
Results and discussion
The present study reveals the pre-apoptotic activity of Cissus
quandrangularis on the meristematic cells of Allium cepa. Out
of five concentrations of plant extract used, the highest concen-
tration (0.1%) showed maximum cytotoxicity in both test mod-
els. It was noted that the mitotic index in the root tips decreases
with respect to increase in concentration of the extract ( Figure
3). It may be suggested that a significant decrease in mitotic ac-
tivity indicates mitodepressive effect of the plant which interfere
with the normal development of mitosis, thus preventing a num-
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ber of cells from entering the prophase and blocking the mitosis
cycle during interphase [9].
Both nuclear and chromosomal aberrations were observe d
during the treatment with plant extracts. The nuclear abnormal-
ities include micronuclei formation, nuclear peak, nuclear le-
sions, existence of polynucleate cells, nuclear extrusions, occur-
rence of giant cells with cytoplasmic shrinkage, etc. (Figure 1).
All these nuclear abnormalities lead to the formation of aber-
rant chromosomes. According to Fenech (2002) [10] the acen-
tric fragments or the whole chromosomes which were not in-
corporated in to the main nucleus during cell cycle can result
in micronuclei generation. It is also believed that the micronu-
clei may be the su rplus nuclear material expelled out through
the emergence of nuclear budding or nuclear peaks. Lobate nu-
clei and poly nucleated cells are the resultant of chromosomal
aberrations as a consequence of multipolar anaphases which are
associated or not with chromosomal adherence, making the cells
inviable [11].
Results reveal a dose dependant hike in the aberration
percentage in response to the different concentrations treated
(Figure 4). The chromosomal abnormalities noticed were ball
metaphase, chromosomal breaks and fragments, chromosomal
bridges at anaphase, sticky chromosom es, pulverised chromo-
somes, etc. (Figure 2). The cells with the se type s of deformities
would ultimately undergo apoptosis or may result in abnor-
mal daughter nuclei which may no longer exist. Among these
aberrations sticky chromosomes were frequently observed at
metaphase and anaphase stages of mitotic divisions in Allium
cepa. Presence of enucleate cells, anapahase showing multiple
polarity distribution of chromosomes, etc. also clearly indicate
the possibilities to tend towards apoptosis. It is important to
mention that a cell that suffers a genotoxic stress may select to
complete nuclear division or to choose apoptosis [12] .
Cell death, a marker of cytotoxicity, is determined by Evans
blue staining method on the basis of its penetration to non- viable
cells [13]. The Evans blue staining of root tips of Allium cepa
gives the evidences for the cellular death induced by the plant
extract (Figure 5).
The cell death can be obviously visualized according to the
intensity of stain as it retained only in the dead cells. Dead cells
stained deeply and were readily distinguished from viable cells
after incubation time of 15min. Intensity of dye absorbed by root
cells was directly proportional to the cell death, which could be
seen within few minutes after the treatment [14]. The quantifi-
cation of cell death by spectrophotometric analysis also strongly
supports the apoptotic activity of the aqueous plant extract at
various concentrations (Figure 6).
Previous studies were also reported the Allium cepa root tip
meristem model to evaluate the cytotoxic and anti-mitotic activ-
ities of latex of Calotropis procera and podophyllotoxin [15].
Cytotoxicity of clove (Syzygium aromaticum ) oil and its ma-
jor components to human skin cells were revealed by Prashar,
et al in 2006 [16]. Pre-apoptotic activity of aqueous extracts
of Cynanchum sarcomedium Meve & Liede on cells of Allium
cepa and human erythrocytes also supports the present study that
the plant extracts having the potential to bring about membrane
damage and there by apoptosis [17]. Promising findings of the
present study needs follow-up research works to characterize the
bioactive compounds responsible for apoptosis and their execu-
tion of in vivo studies. However, further chemical work and phar-
macological evidences at molecular level are required to eluci-
date the possible mechanism of bioactivities of the extract.
Conclusion
The present study highlights the cytotoxic potential of Cissus
quandrangularis on the meristematic cells of Allium cepa root
tips. The dose dependant cytogenetical changes in the cells
clearly indicate the capacity of the aqueous plant extract induc-
ing severe genotoxic stress on meristematic cells. Cytotoxic ef-
fects on Allium root tips shows the apoptotic potential of the
plant extract and the present study enlightens the anticancer po-
tential of the plant.
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Figure 3 Effect of various concentrations of extract of C.
quadrangularis on the mitotic index of meristematic cells of A.
cepa.(C–: Negative control; C++:Positive control).
Figure 4 Dose-dependent cytotoxic effect of aqueous extracts of C.
quadrangularis on meristematic cellsof A. cepa. (C–: Negative
control;C++: Positive control).
Figure 5 a-f. Cell death visualization of root tip tissues of Allium
cepa treated with different concentrations of plant extract by Evans
blue staining.
Figure 6 Cell death quantification by spectrophotometric analysis at
600nm. (C–: Negative control;C++: Positive control).
